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Background of the Invention 
The present invention relates to a system configured to reduce electromagnetic 
interference (EMI) from electronic systems, in particular microprocessor-based systems 
using heat sinks. 

As microprocessors and other electronic components are driven at ever faster 
frequencies, electromagnetic emissions are becoming more challenging to reduce or 
eliminate, especially for higher-powered components. At the same time, legal regulations 
surrounding EMI emissions are becoming more stringent, so the greater technical 
challenge is compounded by a greater regulatory challenge. 

In principle, it is possible to build a Faraday cage around an electronic component 
to prevent the radiative emissions from reaching the local environment. However, in 
practice, an ideal Faraday cage is not generally achieved, due to the generally rectangular 
shapes of electronic components, the perforation of the shielding by connections and 
other devices, and other practical requirements. 

In addition, it has been found that electromagnetic emissions may couple the heat 
sink associated with a component such as a microprocessor, such that the heat sink itself 
acts to radiate electromagnetic energy, via the host system, to the environment. 

An apparatus is therefore needed that reduces electromagnetic emissions below a 
desired level, similar in function to an ideal Faraday cage but accommodating the 
requirements of commercial electronics, in particular microprocessor-based systems. 

Summary of the Invention 
An apparatus configured to provide electromagnetic shielding for a 
microprocessor or other electronic device includes a heat sink with an integrally formed 
depending skirt to which a conductive polymer gasket is applied. The microprocessor is 
mounted in a socket which is mounted on and electrically (i.e. conductively) coupled to a 
circuit board. The socket is stitched through blind vias to a ground plane (or other 
reference voltage plane) in the circuit board. 
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The heat sink, gasket, socket and ground plane are configured to form an 
electromagnetic cage around the processor, with the precise configuration depending 
upon the electromagnetic frequencies, power dissipation and field structures that are 
expected to be generated. 
5 The heat sink may be formed of anodized aluminum, in which case a region of the 

skirt adjacent the gasket is maintained clear of anodization, oxidation or other insulating 
layers, to ensure good electrical coupling to the socket. In an alternative embodiment, the 
heat sink may be mounted directly to the circuit board, i.e. without an intervening socket, 
in which case a conductive trace is provided on the circuit board, configured to couple the 
10 heat sink to the ground plane. 

Brief Description of the Drawings 
Figure 1 is a diagram of a processor-based system incorporating an embodiment 
of the present invention. 
15 Figure 2 is an exploded perspective view of a heat sink according to the invention 

in conjunction with a socket according to the invention. 

Figure 3 is a perspective view of an underside of a heat sink according to the 
invention. 

Figure 4 is a (nonexploded) sectional view taken along line 4-4 of Figure 2. 

20 

Detailed Description of the Invention 
A processor-based system 10 implementing an embodiment of the invention is 
shown in the block diagram of Figure 1. The system 10 includes a microprocessor 
module 20 with accompanying EMI shielding 30. The module 20 includes at least one 
25 microprocessor operating in a conventional fashion and communicating with memory 40 
and I/O (input-output) circuitry and/or logic 50. The I/O circuitry may include network 
circuitry and connections. 
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A user interface 60 coupled to the system 10 includes a mouse, display, printer, 
track ball, and/or other devices allowing a user to interact with the system 10. Network 
devices 70 and/or other conventional devices may likewise be in communication with the 
system 10. 

5 The perspective view of Figure 2 shows the microprocessor module 20 in greater 

detail. The microprocessor 100 is mounted on a socket 110, which in turn is mounted on 
a circuit board 120, which in a conventional manner may be a centerplane, motherboard, 
daughter board, or other unit that carries circuit elements and electronic components as 
needed for the system 10. The socket 110 includes a perimeter 130 which has a shape 

10 generally similar to an outside shape of the processor 100, or if not similar in shape at 

least configured so as to substantially surround the perimeter of the processor. The socket 
is formed at least partially from an electrically conductive material, which may be metal, 
conductive plastic, or other suitable at least semi-rigid material. 

A heat sink 140 is mounted adjacent the processor 100 and couples to a bolster 

15 plate 150. The heat sink 140 has a surface 145 that is positioned towards the processor 
100 and socket 1 10, and is in thermal contact with the processor to draw heat from it for 
dissipation. 

The bolster plate 150 has legs 160 that extent through holes 170 in the socket 110 
and holes 180 in the heat sink 140. The module 20 is assembled by attaching bolts, nuts 

20 or other conventional attachment devices (not separately shown) to the legs 160, thereby 
drawing the module components into electrical contact with one another. 

The socket 1 10 in one embodiment of the invention is specially adapted to inhibit 
the radiation of electromagnetic emissions from the processor 120 to the environment. In 
typical applications, the heat sink 140 is formed of a heat-conductive substance, which in 

25 conventional systems is often anodized aluminum or some other metal. In the present 
invention, the socket perimeter 130 is configured to form an electrically conductive path 
to the heat sink 140. One manner of doing this is to remove any insulation material (such 
as oxidation or anodization) from both the heat sink 140 and the socket perimeter 130, 
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and in addition (or instead) material may be added to either or both of the heat sink and 
the socket to assist electrical coupling. 

Figure 3 shows the heat sink 140 from the underside in perspective view. Details 
of the heat sink 140, such as radiative fins and mounting holes, are not shown in Figure 3 

5 for the sake of simplicity. The heat sink 140 includes an electrically conducting "skirt" 
200, which is preferably formed as an integral part of the heat sink 140, such as by 
milling or by casting. Alternatively, the skirt may be formed separately and coupled to 
the heat sink in such a way as to maintain a strong electrical coupling between the two. 
The skirt is formed at least partially from an electrically conductive material, which may 

10 be metal, conductive plastic, or other suitable at least semi-rigid material. The coupling 
may be accomplished by bonding, welding, cementing or other manners of connecting the 
heat sink and the skirt. In general, forming the heat sink and skirt in a unitary fashion will 
both increase physical integrity and provide better electrical coupling and shielding. 

In general, the heat sink may include other configurations of coupling structures 

15 (e.g. a ridge, a ring, multiple ridges, etc.) that may serve as the skirt 200, where the 
coupling structure is electrically coupled to the heat sink and to a receiving structure 
(such as a socket or circuit board) in such a manner that the processor or other electronic 
device is shielded so as to reduce emissions. 

The skirt 200 may form a gap 230 as shown in Figure 3, or in other embodiments 

20 the surface 220 may be formed such that it is substantially flat. The selected 

configuration is guided by the application desired, and in particular by the physical shape 
of the device for which the heat sink is intended to dissipate heat. 

A gasket 210 is applied to a surface 220 (which in this configuration is a bottom 
surface) of the skirt 200, the surface 220 being positioned towards the processor 100, 

25 which when the heat sink 140 is mounted may extend at least partly into the gap 230, if a 
gap is used. For greater heat dissipation of the processor 100, a greater amount of 
physical, thermal contact between the processor and the heat sink is helpful. 
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The gasket 210 in one embodiment is formed of a conductive polymer, which 
bonds to both the skirt 200 and the socket perimeter 130. Other conductive bonding 
materials may be used. The gasket as shown in Figure 3 is formed in four separate 
segments, which in this case are positioned and sized with gaps between them. The sizes 
5 of the allowable intervening gaps will depend upon the frequency and power of the 
shielded device or devices, the expected field shape or structure, and the amount of 
desired attenuation of the electromagnetic radiation. Alternatively, a continuous or 
substantially continuous gasket may be used, or different numbers of segments may be 
formed. 

10 As shown in Figure 4, the socket 1 10 is electrically coupled to the circuit board 

120 by "stitching" the socket to vias (or other electrical paths) 300, spaced as close as 
desired to minimize electromagnetic emissions. Due to manufacturing limitations of 
some current methods, the closest spacing may be on the order of 50 mils (about 1 .3 
millimeters). However, the spacing may be less than this with appropriate methods, and 

15 in general should be made as close as necessary to attenuate electromagnetic radiation 
through the region of the vias to a desired degree, and far enough apart to avoid 
manufacturing difficulties and expense to the extent possible, given emission constraints. 

These vias are metallic holes into the circuit board, and may be blind vias, i.e. 
extend only partway through the circuit board. In one embodiment, the blind vias 300 are 

20 conductively coupled to a reference or ground plane 310, which is electrically tied to a 
ground or reference voltage relative to the system 10. 

With this arrangement, it can be seen in Figure 4 that a substantially continuous 
electromagnetic shielding structure is formed by the heat sink 140, skirt 200, gasket 210, 
socket 130, vias 300 and ground plane 310, which substantially surrounds the processor 

25 100. The shielding is substantially continuous in the sense that, though there may be gaps 
in the effective enclosure formed by the electromagnetically shielding elements, there is a 
sufficient enclosure to attenuate electromagnetic signals at the relevant frequencies. 
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These frequencies will depend on the specific application — for current 
microprocessors, they can exceed 1 GHz, and may be much less or greater, depending 
upon the components being shielded. The allowable spacing and positioning of any gaps 
in the electromagnetic enclosure will depend in part upon frequency and power 
5 dissipation of the shielded device, as well as the resulting magnetic field structure, with 
higher frequencies generally requiring smaller gaps to ensure high attenuation. 

The skirt 200 has a height or thickness 205 (see Figure 3), which, combined with 
a thickness of the gasket 210, may be slightly greater than a desired, predetermined 
distance between surface 145 of the heat sink 140 and the surface of the socket perimeter 
10 130, so that when the heat sink is mounted on the socket, the gasket 210 is slightly 
compressed, forming a tight seal, which is more likely to maintain good electrical 
coupling. 

In an alternative embodiment, the heat sink may be mounted so as to contact the 
circuit board 120 directly, i.e. without the use of the intervening socket 1 10. In this case, 

15 an electrical coupling (e.g. conductive contact) may be formed between the gasket 210 
and the circuit board 120, for which purpose conductive traces may be formed on a 
surface of the circuit board 120, configured to contact the gasket 210. 

The heat sink 140 according the present invention thus provides electromagnetic 
shielding for a processor or other device in an easily manufactured and easily assembled 

20 configuration. Forming the skirt 200 in a unitary fashion with the heat sink, and applying 
the polymer gasket as part of the heat sink manufacturing process, results in a heat sink 
that is more easily assembled with the processor module than if separate shielding 
components are used. 

Use of the socket 110 further facilitates the construction of a processor module 

25 that is well shielded and yet easy to assemble. These two components — the socket and 
the heat sink as described — cooperate to attenuate electromagnetic emissions to the 
extent desired, with variable configurations depending upon the application and 
emissions requirements. 
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